High vertical resolution rawinsondes were used to document the existence of low bulk 
The mean static stability and vertical wind shear do not exhibit diurnal variability. There In their theoretical framework, Emanuel and Rotunno (2011) proposed that the hurricane 42 outflow layer develops its own temperature stratification by a requirement that small-scale 43 turbulence maintains the Richardson number near a critical value. This closure directly coupled 44 low Richardson number to vortex structure and intensification (Emanuel 2012 ). This suggests a 45 fundamental role for outflow layer turbulence and a need to examine turbulence in observations. 46 Using three-dimensional simulations of Hurricane Rita (2005), Fovell and Su (2007) 47 found that changing the microphysics parameterization produced large variations in storm 48 motion that led to track forecast spread comparable to that of a multi-model ensemble. 49 Subsequent work (Fovell et al. 2009; Fovell et al. 2010) showed that TC track, structure, and cooling immediately above, which indicates a potential destabilization of the outflow layer by 57 radiative effects. A limitation of their approach, however, is that they averaged their results over 58 the diurnal radiative cycle and thus did not address diurnal variability. 59 It is well known that TCs exhibit a diurnal cycle (e.g. Kossin 2002 ), but the mechanisms 60 that drive it have not been fully elucidated. Dunion et al. (2014) provided unprecedented 61 documentation of this cycle using 6-hourly infrared brightness temperature differences. They 62 found that a burst of low infrared brightness temperatures arises near the TC center overnight.
63
These low brightness temperatures then propagate radially outward at a speed of about 5-10 ms -1 , 64 taking on the form of a ring as cloud tops warm radially inward of the lowest brightness 65 temperatures. The ring reaches the 200-300 km radius around 0800 local standard time (LST), 66 and the 300-400 km radius by around local noon. The timing of this "diurnal pulse" feature was 67 found to be consistent between storms and across oceanic basins. They proposed five 68 mechanisms that may contribute to the diurnal cycle, four of which invoke changes in the 69 horizontal or vertical structure of radiative heating within the cirrus canopy throughout the day.
70
They also presented some limited evidence that the upper-level cirrus pulse is coupled to 71 convection. This argument was corroborated in part by Bowman and Fowler (2015) , who found a 72 diurnal cycle in TC rainfall rate with a maximum at 0600 local time and a minimum at 1800. It is Gulfstream IV (G-IV) dropsondes. They found a steady increase in the frequency of low 77 Richardson number layers above the 9 km level to a peak near 13 km. These layers most often ; and 3 were removed because they contained multiple observations on the 107 same pressure level. absence of strong forcing, a static stability less than zero should be rapidly mixed out, so observe Rb < 0.25 at any given level, extending past the 100-300 km radial bin (note that the 183 scale differs from than that in Fig. 2 ). Weak TCs (Fig. 4b) , on the other hand, possess a more 184 radially confined maximum of less than nine percent.
185
In hurricanes, the maximum frequency of Rb < 0.25 at inner radii is centered near 14 km 186 altitude, whereas in weak TCs it occurs near 13 km. The largest frequency of Rb < 0.25 in inner radii than that observed in all storms (Fig 2) . weak TCs (Fig. 4b) is approximately 18 percent. This same region, however, is characterized by 215 slightly smaller vertical wind shear in hurricanes than in weak TCs (Fig. 5b) These temperature differences can arise due to a combination of a number of processes.
225
As a TC intensifies, boundary layer θe increases near the vortex center. Accordingly, the 226 buoyancy of rising air parcels increases, allowing them to penetrate into the lower stratosphere.
227
Since the moist lapse rate approaches dry adiabatic in the upper levels, strong adiabatic cooling TCs. These larger perturbations coexist with larger mean vertical wind shear (Fig. 5b ).
264
The synthesis of these results suggests that the higher frequency of Rb < 0.25 in The difference between the frequency of Rb < 0.25 observed in the evening (Fig. 8a) and 281 in the morning (Fig. 8b) 
